Myxomas comprise 50% of all benign cardiac tumors in adults, with the right atrium as their second most frequent site of origin. Surgical resection is the only effective therapeutic option for patients with these tumors. The association between right atrial myxomas and severe left ventricular systolic dysfunction is extremely rare and makes treatment even more challenging. This was the case for our patient, a 47-year-old male with a right atrial mass and a severely impaired left ventricular function, with a 20% ejection fraction. Global enlargement of the heart was also noted, with moderate right ventricular dysfunction. The tumor was successfully excised using the on-pump beating heart technique, with an immediate postoperative improvement of the left ventricular ejection fraction to 35%. The technique proved useful, with no increased risk to the patient.
CASE REPORT
A 47-year-old male, with a two-year history of progressive dyspnea was admitted to our clinic. At clinical examination the patient was febrile, and in obvious respiratory distress. Electrocardiography revealed sinus tachycardia, with a ventricular frequency of 106/min.
With transthoracic echocardiogram, Figure 1 a right atrial mass measuring 7.4/4 cm was identified, which prolapsed into the right ventricle and the inferior vena cava (IVC) during diastole. All heart chambers were enlarged, with mild mitral regurgitation, moderate tricuspid regurgitation, a left ventricular (LV) end-systolic diameter of 60 mm, and a 20% ejection fraction (EF). Given the circumstances, transesophageal echocardiogram was performed and revealed a large implantation base of the mass at the level of the inferior atrial septum, confirming at the same time the severe LV dysfunction, with regional wall motion abnormalities. Coronary angiography was normal.
On-pump beating heart surgery was performed through standard median sternotomy. To avoid mass fragmentation, the superior vena cava was first cannulated and snared, the extracorporeal circulation started, and the right atrium opened. The tumor originated in the fossa ovalis, extended into the IVC, and visibly protruded through the coronary sinus ostium and through the tricuspid valve. After the portion of the mass extending into the IVC was resected, the IVC was cannulated and snared Figure 2 . The rest of the tumor was then resected. The small remaining septal defect was repaired with two patch sutures, the right atrium closed, and the patient weaned from cardiopulmonary bypass (CPB). The histopathologic analysis confirmed the diagnosis. The patient's postoperative course was favorable. He was discharged seven days later, with an improved LV EF of 35%.
DISCUSSION
With an estimated incidence between 8 and 150 cases per million, myxomas are the most common type of primary cardiac tumor [Patil 2011 ]. Although they can occur in nearly all age groups, myxomas tend to present between the third and sixth decade of life, commonly in women [Patil 2011; Lepillier 2010] . The symptoms confuse in late stages with those of heart failure [Irani 2008; Vizzardi 2010] . Syncope and sudden cardiac death are possible, making the diagnosis elusive [Romeo 2012 ].
Understandably, right heart failure is common in cases of right-sided tumors due to tricuspid obstruction, pulmonary embolism, or a combination of these two mechanisms The Heart Surgery Forum #2014-420 E286 [Yang 2011 ], while coronary embolism with concomitant atherosclerosis and myocardial infarction represents the identified mechanism for the development of left heart failure in left-sided myxomas [Boutayeb 2013 ]. On the other hand, the association between LV systolic dysfunction and right atrial myxomas is at least unusual, complicating the diagnosis and the surgical management of patients in these cases.
Assuming the existence of a cause-effect relationship between the two, the tumoral cardio-depressant effect suggested by Chockalingam et al could have been taken into consideration [Chockalingam 2006] . In this case, though, the abnormal left ventricular kinetics suggested an ischemic cause subsequently ruled out by coronary angiography. To our knowledge, only three similar cases have been reported so far, with two possible explanations: diastolic coronary sinus occlusion or crossed embolism through a permeable foramen ovale, favored by tricuspid valve obstruction, with secondary atrial pressure increase [Boutayeb 2013 ]. This atrial shunt inversion was also considered by Guhathakurta and Riordan; in 2000 they reported the case of a patient with similar features [Guhathakurta 2000] , and in 2007 Kapusta described another case of right atrial myxoma with LV dysfunction, with normal kinetics, venous return and normal aspect on coronarography, with complete recovery of the LV function eight months after excision [Kapusta 2007 ]. In the absence of a confirmed atrial septal defect, we strongly support the coronary sinus occlusion theory, considering not only the visible protrusion of the tumor through the sinus ostium, but also the immediate postoperative course of the patient.
The first successful surgical excision of a myxoma was accomplished in 1955 [Guhathakurta 2000 ]. Currently, complete resection represents the definitive treatment for cardiac myxomas, covering approximately 0.3% of all operations performed with CPB [Al-Sarraf 2010] . Although cardioplegic arrest with aortic clamping represents the standard procedure for myocardial protection [Murayama 2001 ], continuous perfusion without cross-clamping, on a beating or fibrillating heart, is also an option [Al-Sarraf 2010] . Recently, video-assisted minimally invasive surgery, as well as robotic surgery, has been used on a small series of patients with good results [Al-Sarraf 2010; Tomar 2002] . With less than ten cases of atrial myxoma excision on a beating heart being reported until 2013 [Al-Sarraf 2010; Tomar 2002; Mo 2011] , the technique is currently considered feasible in patients with extensive aortic calcifications or with low EF [Al-Sarraf 2010; Loulmet 2008] . In this case, on-pump beating heart surgery seemed to be the treatment of choice. During the main operative time, the manipulation of the tumor on a beating heart may cause its fragmentation with secondary pulmonary embolism, while the excision of the implantation base as well as the surrounding septum without aortic clamping involves the additional risk of gaseous embolism [Boutayeb 2013 ]. To ensure exposure and complete excision of some deep-seated tumors, the temporary removal of the IVC cannula and a systemic temperature decrease to 25°C might be necessary [Darwazah 2011] . We chose to cannulate the IVC under direct vision, after the portion of the mass extending at this level was resected.
Conclusion
The association between right atrial myxoma and severe systolic LV dysfunction is extremely rare; to our knowledge this case is the fourth reported in the literature. Although the mechanism responsible for the development of the latter is not completely elucidated, the coronary sinus occlusion theory seems to be the most probable explanation. Despite the associated risks, the on-pump beating heart technique can be a useful option for patients with right atrial myxoma and severe systolic LV dysfunction.
